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(m)FAS

:   (modified) full analysis set

(O)AHT

:   (other) antihypertensive therapy

ACEi

:   angiotensin‐converting enzyme inhibitor

AMR

:   antibody‐mediated rejection

ARB

:   angiotensin II receptor 1 blocker

ATIIR~1~

:   angiotensin II receptor type 1

CI

:   confidence interval

CNI

:   calcineurin inhibitor

cPRA

:   calculated PRA

DGF

:   delayed graft function

DSA

:   donor‐specific antibody

ECD

:   extended criteria donor

eGFR

:   estimated glomerular filtration rate

IF/TA (+i)

:   interstitial fibrosis/tubular atrophy (with inflammation)

ITT

:   intent‐to‐treat

LOW

:   low‐dose tacrolimus

MMF

:   mycophenolate mofetil

RAS

:   renin‐angiotensin II system

RTR

:   renal transplant recipient

SD

:   standard deviation

STD

:   standard‐dose tacrolimus

Tac

:   tacrolimus

TCMR/B

:   T cell--mediated rejection including borderline changes

TCMR

:   T cell--mediated rejection

TEAE

:   treatment‐emergent adverse event

1. INTRODUCTION {#ajt15225-sec-0003}
===============

Renal allograft and patient survival have improved considerably during the initial year posttransplant, whereas longer‐term survival has improved more modestly.[1](#ajt15225-bib-0001){ref-type="ref"}, [2](#ajt15225-bib-0002){ref-type="ref"} The standard of care for maintenance immunosuppression, used in 93% of centers in the United States[3](#ajt15225-bib-0003){ref-type="ref"} and in most centers in Canada,[4](#ajt15225-bib-0004){ref-type="ref"} consists of the calcineurin inhibitor (CNI) tacrolimus and mycophenolate mofetil (MMF). Tacrolimus dosing is subject to local practice; some centers use standard tacrolimus dosing, targeting trough concentrations that are generally sufficient to suppress inflammation in early protocol biopsies.[5](#ajt15225-bib-0005){ref-type="ref"}, [6](#ajt15225-bib-0006){ref-type="ref"} Others, following the SYMPHONY Study,[7](#ajt15225-bib-0007){ref-type="ref"}, [8](#ajt15225-bib-0008){ref-type="ref"} target lower immunosuppressant concentrations (eg, tacrolimus trough values near 5 ng/mL) while maintaining MMF and steroid treatment.

Reduced tacrolimus exposure in renal transplant recipients (RTRs) might be preferred to prevent activation of endogenous viruses, including polyomavirus.[9](#ajt15225-bib-0009){ref-type="ref"} Tacrolimus minimization might also be chosen to decrease the risk of CNI nephrotoxicity, such as interstitial fibrosis and tubular atrophy (IF/TA), histologic changes historically associated with graft failure.[10](#ajt15225-bib-0010){ref-type="ref"}, [11](#ajt15225-bib-0011){ref-type="ref"} However, evidence from the Long‐Term Deterioration of Kidney Allograft Function (DeKAF)[12](#ajt15225-bib-0012){ref-type="ref"} and other studies suggests that immunological events account for most allograft losses and have brought into question the association between IF/TA and adverse outcomes.[13](#ajt15225-bib-0013){ref-type="ref"}, [14](#ajt15225-bib-0014){ref-type="ref"}, [15](#ajt15225-bib-0015){ref-type="ref"}, [16](#ajt15225-bib-0016){ref-type="ref"} Indeed, newer analyses indicate that IF/TA with inflammation (IF/TA+i)[15](#ajt15225-bib-0015){ref-type="ref"} is more deleterious to the graft than is IF/TA alone.[17](#ajt15225-bib-0017){ref-type="ref"}, [18](#ajt15225-bib-0018){ref-type="ref"}, [19](#ajt15225-bib-0019){ref-type="ref"}, [20](#ajt15225-bib-0020){ref-type="ref"} However, little is known about clinical interventions that can prevent or reverse IF/TA+i.

Reduced tacrolimus exposure has been associated with better allograft function, less IF/TA, and reduced prevalence of polyomavirus viremia. However, it has also been associated with a greater incidence of rejection, relative to standard tacrolimus dosing,[6](#ajt15225-bib-0006){ref-type="ref"} by permitting allograft‐specific T cell activation, T cell--mediated rejection (TCMR), donor‐specific antibody (DSA) development[21](#ajt15225-bib-0021){ref-type="ref"} and, ultimately, antibody‐mediated rejection (AMR).[18](#ajt15225-bib-0018){ref-type="ref"}, [22](#ajt15225-bib-0022){ref-type="ref"}, [23](#ajt15225-bib-0023){ref-type="ref"}

Another approach proposed to improve clinical outcomes in RTRs is treatment with blockers of the renin‐angiotensin system (RAS), namely antihypertensive therapy (AHT) of the angiotensin‐converting enzyme inhibitor or angiotensin II receptor 1 blocker classes (ACEi/ARBs). Independent of their vasodilatory effects, these RAS‐targeting AHTs are anti‐inflammatory and immunomodulating,[24](#ajt15225-bib-0024){ref-type="ref"}, [25](#ajt15225-bib-0025){ref-type="ref"} and they appear to block histopathologic change in renal allografts.[26](#ajt15225-bib-0026){ref-type="ref"}, [27](#ajt15225-bib-0027){ref-type="ref"}

As with reduced‐dose tacrolimus, clinical evidence supporting the use of ACEi/ARBs in RTRs is ambiguous, although they are used to limit systemic inflammation and renal fibrosis in glomerulonephritis,[28](#ajt15225-bib-0028){ref-type="ref"} hypertensive injury, and other pathologic states.[29](#ajt15225-bib-0029){ref-type="ref"} In a post hoc analysis of trial data, ACEi/ARB use was independently associated with protection from IF/TA at 24 months.[30](#ajt15225-bib-0030){ref-type="ref"} A recent study of RTRs with proteinuria showed that ACEi use had no significant effect on renal function or patient survival.[31](#ajt15225-bib-0031){ref-type="ref"} Moreover, despite some promising preclinical[32](#ajt15225-bib-0032){ref-type="ref"} and clinical[33](#ajt15225-bib-0033){ref-type="ref"}, [34](#ajt15225-bib-0034){ref-type="ref"} findings, ACEi/ARBs have shown no consistent patient or allograft survival benefit after meta‐analysis.[35](#ajt15225-bib-0035){ref-type="ref"}

This study (FKC‐014) was designed to address these uncertainties by assessing the effects on IF/TA prevalence of 2 different interventions: a reduced tacrolimus dosing strategy and use of RAS‐blocking AHTs.

2. MATERIALS AND METHODS {#ajt15225-sec-0004}
========================

2.1. Study design {#ajt15225-sec-0005}
-----------------

FKC‐014 (Figure [1](#ajt15225-fig-0001){ref-type="fig"}) is a multicenter, prospective, open‐label, randomized controlled trial undertaken at 13 sites in Canada and conducted in accordance with the Declaration of Helsinki, Good Clinical Practice, the International Conference on Harmonisation guidelines, and applicable laws and regulations. An independent ethics committee from each study center granted approval before initiation. Written informed consent was obtained from each patient before enrollment into the study.

![Design of FKC‐014 (A) and distribution of patients across intervention and treatment groups (B). At randomization, patients were assigned to 1 of 4 possible treatments (LOW + ACEi/ARB; LOW + OAHT; STD + ACEi/ARB; and STD + OAHT), corresponding to 2 tacrolimus interventions (LOW vs STD) and 2 AHT interventions (ACEi/ARB vs OAHT). Patient numbers in (B) correspond to the FAS/SAF and mFAS6/24 populations. ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor 1 blocker; FAS, full analysis set; mFAS, modified full analysis set; LOW, low dose; OAHT, other antihypertensive treatment; SAF, safety set; STD, standard dose](AJT-19-1730-g001){#ajt15225-fig-0001}

Patients were randomized 1:1:1:1 by using a 2 × 2 factorial design to receive either low‐ or standard‐dose (LOW or STD interventions, respectively) prolonged‐release tacrolimus (Advagraf^®^, Astellas Pharma Canada, Inc, Markham, ON, Canada)[36](#ajt15225-bib-0036){ref-type="ref"} plus either an ACEi or an ARB (ACEi/ARB intervention group) or other (non--ACEi/ARB‐based) OAHT (OAHT intervention group), as clinically indicated. Details regarding study inclusion, study procedures, and statistical methods are provided as Supporting Information.

2.2. Endpoints {#ajt15225-sec-0006}
--------------

There were 2 coprimary endpoints: the prevalence of IF/TA (defined as ci + ct ≥ 2, based on Banff 2007 criteria[37](#ajt15225-bib-0037){ref-type="ref"}) at month 6 (in the STD vs LOW intervention groups) and at month 24 (in the ACEi/ARB vs OAHT intervention groups). Secondary endpoints included the progression of IF/TA (defined as the change in ci + ct) from implant to month 6 or month 24 posttransplant and assessment of renal function (Chronic Kidney Disease Epidemiology Collaboration formula), blood pressure, and use of antihypertensive agents throughout the study period. An additional post hoc endpoint was the prevalence of IF/TA+i (Banff ci + ct ≥ 2 and i ≥ 1) at 6 months and 24 months. For the primary and secondary endpoints, treatment effects were assessed in a pairwise fashion between intervention groups; in other analyses, comparisons were made across the 4 treatment groups.

2.3. Treatments {#ajt15225-sec-0007}
---------------

All patients received basiliximab (Simulect^®^; Novartis Pharmaceuticals Canada Inc., Dorval, QC, Canada) induction (20 mg, 2 hours before and 4 days after implantation), steroids (200‐500 mg intravenous methylprednisolone preoperatively followed by either methylprednisolone intravenously or prednisone orally*,* starting at 1 mg/kg and tapering to ≥ 5 mg daily by month 5), and mycophenolate mofetil (MMF; 1 g twice daily from day 1 posttransplant, with adjustment as clinically indicated).

Prolonged‐release tacrolimus was initiated in the STD intervention group as a single dose of 0.15‐0.20 mg/kg, with dose adjustments as needed to achieve the target trough concentrations of 12 ± 2 ng/mL for weeks 1 and 2, 10 ± 2 ng/mL for week 3 through month 3, and 8 ± 2 ng/mL for month 4 through month 6. For patients randomized to the LOW group, the initial dose was 0.05‐0.15 mg/kg, adjusted thereafter to achieve a target trough concentration of 5 ± 1 ng/mL through month 6. Tacrolimus trough targets and dosing after month 6 were at the Investigator\'s discretion for all patients.

Patients randomized to the ACEi/ARB intervention group received ramipril (initially 5 mg/day, increasing to 10 mg/day by month 3 posttransplant), or irbesartan (150 mg/day, increasing to 300 mg/day) by month 1 posttransplant, continuing to month 24. For patients randomized to the OAHT intervention group, non--ACEi/ARB‐based antihypertensive therapy was initiated if the patients became hypertensive.

2.4. Procedures {#ajt15225-sec-0008}
---------------

Renal biopsies were performed per protocol at baseline, month 6, and month 24 to assess the coprimary efficacy endpoints (ie, presence of IF/TA ≥ 2 at month 6 \[comparing the LOW vs STD tacrolimus intervention groups\] and at month 24 \[comparing the ACEi/ARB vs OAHT intervention groups\]).

Sera were tested for DSA at implant, month 6, and then yearly from month 12. Serum screening for polyomavirus occurred at months 3, 6, 9, and 12. Renal function and blood pressure were evaluated at months 1, 3, and 6 and then yearly, starting at month 12.

Mononuclear cell interstitial inflammation was assessed prospectively at months 6 and 24 at a central pathology laboratory by using the current Banff semiquantitative criteria ("i") for renal allograft inflammation of the unscarred (non‐IF/TA) parenchyma. Furthermore, the extent of inflammation of the entire cortical area present (including the subcapsular cortex, perivascular cortex, and areas of IF/TA) was reported on a semiquantitative scale ("ti") based on the Banff 2007 classification.[37](#ajt15225-bib-0037){ref-type="ref"}

2.5. Statistical analysis {#ajt15225-sec-0009}
-------------------------

The sample size of 240 evaluable patients was based on a statistical power of 80% to detect a 15% difference in IF/TA prevalence between 2 groups, using a .05 significance level and 2‐tailed test.

Tacrolimus trough concentrations were estimated using 4 piecewise, mixed‐effects models corresponding to the 4 sets of dosing guidelines. Each model used log tacrolimus concentration as the response with fixed effects of time, dosing group, and interaction (between time and dosing group) and a random effect for within‐patient assessments.

ACEi/ARB use, steroid dose, and MMF dose were assessed for each nominal time period in the full analysis set (FAS).

For the coprimary endpoints, logistic regression was used to assess differences in IF/TA prevalence between intervention groups while adjusting for fixed effects, including donor status, delayed graft function (DGF), donor age, recipient sex, and baseline ci + ct. Modified FAS (FAS patients with evaluable biopsies at implant and month 6 \[mFAS6\] or month 24 \[mFAS24\]) populations were used for this analysis. IF/TA progression was assessed in the mFAS6/24 population (mFAS with evaluable biopsies at months 6 and 24). mFAS included all patients of the FAS who had evaluable biopsies (marginal or adequate specimen), per central pathology assessment, with consideration of missing protocol biopsy replaced with for‐cause biopsy, at the following time points: mFAS6, patients have evaluable biopsies at implant and month 6; mFAS24, patients have evaluable biopsies at implant and month 24; and mFAS6/24, patients have evaluable biopsies at months 6 and 24.

3. RESULTS {#ajt15225-sec-0010}
==========

3.1. Patients {#ajt15225-sec-0011}
-------------

The intent‐to‐treat (ITT) population included 281 adult de novo RTRs at 13 Canadian study centers. Of these patients, 235 remained in the study by month 24. Biopsy material was suitable for histologic analysis for 247, 200, and 182 of the patients at baseline, month 6 and month 24, respectively (Figure [2](#ajt15225-fig-0002){ref-type="fig"}; Table [S1](#ajt15225-sup-0001){ref-type="supplementary-material"}). For‐cause biopsy rates in each treatment group are shown in Table [S2](#ajt15225-sup-0001){ref-type="supplementary-material"}. Mean patient age was 50.3 years, and 68% were male. Donor age was \>50 years in 41.6%; the donor was deceased in 60.9% and identified as an extended criteria donor (ECD) in 21.4% of cases. Baseline characteristics, including stratification factors (recipient sex, donor age and status, and DGF) and other parameters, were generally well distributed among the 4 treatment groups. However, diabetic nephropathy was more common in patients randomized to the STD + OAHT treatment group than in the general ITT population (27.1% vs 18.1%). In addition, the LOW + OAHT treatment group had a lower rate of DGF than the ITT population (18.8% vs 24.2%). Other baseline differences included imbalances in the proportion of patients with ECDs (more common in the ACEi/ARB intervention group) and with donors who died from cerebrovascular accident (more common in the STD intervention group) (Table [1](#ajt15225-tbl-0001){ref-type="table"} and data not shown).

![Patient disposition in FKC‐014. \*Multiple reasons could be given for early discontinuation. mFAS6, patients have evaluable biopsies at implant and month 6; mFAS24, patients have evaluable biopsies at implant and month 24. ITT, intent‐to‐treat set; SAF, safety set; (m)FAS, (modified) full analysis set](AJT-19-1730-g002){#ajt15225-fig-0002}

###### 

Baseline characteristics of renal transplant recipients

                                                                         LOW Tac + ACEi/ARB   LOW Tac + OAHT   STD Tac + ACEi/ARB   STD Tac + OAHT   Total
  ---------------------------------------------------------------------- -------------------- ---------------- -------------------- ---------------- --------------
  Age, y (mean \[SD\])                                                   50.5 (11.73)         48.0 (12.67)     50.4 (12.04)         52.4 (11.22)     50.3 (11.96)
  Male, n[a](#ajt15225-note-0002){ref-type="fn"}                         47 (66.2%)           48 (69.6%)       47 (66.2%)           49 (70.0%)       191 (68.0%)
  White, n                                                               56 (78.9%)           52 (75.4%)       58 (81.7%)           57 (81.4%)       223 (79.4%)
  Body mass index, kg/m^2^ (mean \[SD\])                                 27.6 (5.89)          27.3 (5.54)      28.3 (5.65)          27.0 (4.49)      27.6 (5.41)
  Epstein‐Barr virus positive, n                                         65 (91.5%)           63 (91.3%)       64 (90.1%)           61 (87.1%)       253 (90.0%)
  Donor age \>50 y, n[a](#ajt15225-note-0002){ref-type="fn"}             29 (40.8%)           28 (40.6%)       31 (43.6%)           29 (41.4%)       117 (41.6%)
  Donor deceased, n[a](#ajt15225-note-0002){ref-type="fn"}               43 (60.6%)           42 (60.9%)       43 (60.6%)           43 (61.4%)       171 (60.9%)
  Delayed graft function, n[a](#ajt15225-note-0002){ref-type="fn"}       18 (25.4%)           13 (18.8%)       19 (26.8%)           18 (25.7%)       68 (24.2%)
  Extended criteria donor, n[b](#ajt15225-note-0003){ref-type="fn"}      17 (23.9%)           14 (20.3%)       18 (25.4%)           11 (15.7%)       60 (21.4%)
  Primary reason for transplant[c](#ajt15225-note-0004){ref-type="fn"}                                                                               
  Diabetic nephropathy                                                   10 (14.1%)           8 (11.6%)        14 (19.7%)           19 (27.1%)       51 (18.1%)
  Polycystic kidney disease                                              10 (14.1%)           13 (18.8%)       10 (14.1%)           15 (21.4%)       48 (17.1%)
  Glomerulonephritis                                                     11 (15.5%)           10 (14.5%)       11 (15.5%)           5 (7.1%)         37 (13.2%)
  IgA nephropathy                                                        5 (7.0%)             10 (14.5%)       9 (12.7%)            9 (12.9%)        33 (11.7%)
  Hypertension                                                           3 (4.2%)             5 (7.2%)         5 (7.0%)             4 (5.7%)         17 (6.0%)
  Glomerulosclerosis                                                     5 (7.0%)             4 (5.8%)         2 (2.8%)             3 (4.3%)         14 (5.0%)
  PRA (mean \[SD\])                                                      11.2 (19.43)         9.7 (24.91)      12.1 (21.08)         23.0 (31.56)     13.9 (24.65)
  HLA‐A \> 1 mismatch, n                                                 28 (39.4%)           26 (37.7%)       26 (36.6%)           25 (36.2%)       105 (37.5%)
  HLA‐B \> 1 mismatch, n                                                 36 (50.7%)           33 (47.8%)       38 (53.5%)           34 (49.3%)       141 (50.4%)
  HLA‐C \> 1 mismatch, n                                                 21 (29.6%)           24 (34.8%)       27 (38.0%)           28 (40.6%)       100 (35.7%)
  HLA‐DRB1 \> 1 mismatch, n                                              21 (29.6%)           19 (27.5%)       18 (25.4%)           20 (29.0%)       78 (27.9%)
  HLA‐DQB1 \> 1 mismatch, n                                              12 (16.9%)           13 (18.8%)       14 (19.7%)           13 (18.8%)       52 (18.6%)

ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor 1 blocker; EBV, Epstein‐Barr virus; IgA, immunoglobulin A; LOW, low dose; OAHT, other antihypertensive treatment; PRA, panel‐reactive antibody; SD, standard deviation; STD, standard dose; Tac, prolonged‐release tacrolimus.

Modeling covariate property, used for stratification of patients at randomization.

Extended criteria donor defined as age ≥60 or age 50‐59 years with ≥2 of the following 3 risk factors: (1) history of hypertension, (2) terminal creatinine is ≥132.6 μmol/L, or (3) death due to cerebrovascular accident.

Primary reasons for transplantation shown here were those cited by ≥5.0% of patients; for 19.2% of patients, the primary reason cited was "Other."

John Wiley & Sons, Ltd

3.2. Dosing of immunosuppressive therapies and AHTs {#ajt15225-sec-0012}
---------------------------------------------------

Prolonged‐release tacrolimus doses administered in each treatment group throughout the study period are summarized in Table [S3](#ajt15225-sup-0001){ref-type="supplementary-material"}. A difference in tacrolimus trough concentration was observed, per protocol, over the first 6 months following transplantation. For both the LOW and STD intervention groups, mean trough tacrolimus concentrations were within the target range by week 3 and remained so through month 6 (Figure [3](#ajt15225-fig-0003){ref-type="fig"}). Tacrolimus trough concentrations converged thereafter, with 95% confidence intervals (CIs) overlapping by day 576.

![Least‐squares mean (±standard error) tacrolimus trough concentrations by time for patients randomized to standard‐dose (STD) vs low‐dose (LOW) tacrolimus (Tac). Light and dark purple shading indicate protocol‐specified target trough concentrations for patients randomized to LOW Tac and STD Tac. After month 6, no target was specified. Trough concentrations were estimated from a 4‐period mixed model](AJT-19-1730-g003){#ajt15225-fig-0003}

All patients received steroid treatment during the study. Mean oral prednisone dose declined from \~30 mg daily in the first 2 weeks posttransplant to \<10 mg daily from month 3 to month 24; however, a higher mean dose of prednisone between months 13 and 24 was used in the LOW + OAHT treatment group, compared with the other 3 groups (Table [S4](#ajt15225-sup-0001){ref-type="supplementary-material"}). MMF dosing was therapeutically similar across treatment groups from transplant to month 24 (Table [S5](#ajt15225-sup-0001){ref-type="supplementary-material"}).

Use of ACEi/ARBs was likewise generally per protocol. In the ACEi/ARB (n = 142) and OAHT (n = 137) intervention groups, ACEi/ARBs were used in \>83% and \<16% of patients, respectively, at all times up to month 24. Antihypertensive compliance in each treatment group throughout the study is summarized in Table [S6](#ajt15225-sup-0001){ref-type="supplementary-material"}. Median time taking ACEi/ARBs was 22.2 months in the ACEi/ARB group vs 0.0 months for the OAHT group.

3.3. IF/TA prevalence and progression {#ajt15225-sec-0013}
-------------------------------------

Prevalence of IF/TA (defined as ci + ct ≥ 2) did not differ significantly between the LOW and STD intervention groups (36.8% vs 39.5%; *P* = .80) or between the ACEi/ARB and OAHT groups (33.7% vs 42.7%; *P* = .09) at month 6. Prevalence of IF/TA remained similar between the ACEi/ARB and OAHT groups at month 24 (54.8% vs 58.2%; *P* = .33); however, the STD intervention group had increased IF/TA prevalence compared with the LOW intervention group (71.6% vs 43.8%; *P* \< .001). IF/TA prevalence was also significantly higher in the STD + ACEi vs LOW + ACEi treatment group (73.7% vs 39.1%; *P* = .02), and the STD + OAHT vs LOW + OAHT treatment group (69.4% vs 48.8%; *P* = .007), at month 24 (Figure [4](#ajt15225-fig-0004){ref-type="fig"}A). The IF/TA grade at 24 months was considerably less in the LOW + ACEi treatment group compared with the other groups (Table [S7](#ajt15225-sup-0001){ref-type="supplementary-material"}).

![Prevalence of IF/TA at month 6 and month 24 (A) and progression of IF/TA from month 6 to month 24 by intervention and treatment group (B). Brackets indicate comparisons specified as coprimary or as key secondary efficacy endpoints. For treatment group comparisons, statistical significance was tested relative to the LOW + OAHT group and the STD + ACEi/ARB group. No test was performed comparing LOW + ACEi/ARB with STD + OAHT. Data in B show mean change in IF/TA from month 6 to month 24. ns, nonsignificant (*P* ≥ .05); ACEi, angiotensin‐converting enzyme inhibitor; AHT, antihypertensive treatment; ARB, angiotensin II receptor 1 blocker; FAS, full analysis set; IF/TA, interstitial fibrosis/tubular atrophy; LOW, low dose; OAHT, other antihypertensive treatment; SD, standard deviation; STD, standard dose; Tac, prolonged‐release tacrolimus](AJT-19-1730-g004){#ajt15225-fig-0004}

In an analysis of patients with biopsies available at months 6 and 24, mean \[SD\] change in IF/TA score differed significantly between the LOW and STD intervention groups (+0.42 \[1.477\] vs +1.10 \[1.577\]; *P* = .0039) but not between the ACEi/ARB and OAHT intervention groups (+0.56 \[1.431\] vs +0.91 \[1.675\]; *P* = .15). A trend toward an interaction between the interventions was apparent when IF/TA progression was analyzed by treatment group. Thus, patients in the LOW + ACEi/ARB group experienced numerically less IF/TA progression, relative to all other treatment groups. This difference reached statistical significance in comparison with patients in the STD + ACEi/ARB group (+0.19 \[1.144\] vs + 1.05 \[1.627\]; *P* = .03) (Figure [4](#ajt15225-fig-0004){ref-type="fig"}B).

Similarly, in comparisons with baseline IF/TA, mean \[SD\] change, the LOW + ACEi/ARB showed a significantly smaller increase in IF/TA score from month 0 to month 6 and month 24, relative to either the LOW + OAHT or the STD + ACEi/ARB groups (Figure [5](#ajt15225-fig-0005){ref-type="fig"}).

![Change from baseline in IF/TA score by treatment group by month 6 and month 24. Statistical significance was tested relative to the LOW + OAHT group and the STD + ACEi/ARB group. No test was performed comparing LOW + ACEi/ARB with STD + OAHT. Data displayed show mean change in IF/TA score from month 0 to month 6 and month 24. ACEi, angiotensin‐converting enzyme inhibitor; AHT, antihypertensive treatment; ARB, angiotensin II receptor 1 blocker; IF/TA, interstitial fibrosis/tubular atrophy; LOW, low dose; OAHT, other antihypertensive treatment; SD, standard deviation; STD, standard dose](AJT-19-1730-g005){#ajt15225-fig-0005}

3.4. IF/TA+i {#ajt15225-sec-0014}
------------

IF/TA+i was also examined in a post hoc analysis of all intervention and treatment groups (Figure [6](#ajt15225-fig-0006){ref-type="fig"}). IF/TA+i accounted for less than half of the overall IF/TA prevalence (22% vs 56% of patients in the mFAS24 population at month 24; data not shown). Comparison between Figures [4](#ajt15225-fig-0004){ref-type="fig"} and [6](#ajt15225-fig-0006){ref-type="fig"} shows that much of the observed progression of IF/TA from months 6 to 24 occurred in the absence of inflammation, particularly in patients in the STD intervention group.

![Prevalence of interstitial fibrosis/tubular atrophy with inflammation at month 6 and month 24](AJT-19-1730-g006){#ajt15225-fig-0006}

The ACEi/ARB intervention group experienced lower prevalence of IF/TA+i, relative to OAHT‐treated patients, at months 6 and 24. Analysis by treatment group showed that prevalence of IF/TA+i declined between month 6 and month 24 in the LOW + ACEi/ARB treatment group. Similarly, the prevalence of IF/TA+i was significantly lower in the LOW + ACEi/ARB group than in the LOW + OAHT treatment group at month 24 (8.7% vs 37.2%; *P* = .0022). Conversely, in the STD tacrolimus intervention group, the addition of ACEi/ARB treatment had little effect on IF/TA+i by month 24 (Figure [6](#ajt15225-fig-0006){ref-type="fig"}).

More detailed histological Banff acute and chronic scores at 6 and 24 months for the 4 treatment groups are shown in Table [S8](#ajt15225-sup-0001){ref-type="supplementary-material"}. Notably, these show a reduced tubulointerstitial and peritubular capillary inflammation in the LOW ACEi/ARB group compared with all other groups, and a similar degree of arteriolar hyalinosis for all groups at 24 months.

3.5. Immunologic events {#ajt15225-sec-0015}
-----------------------

Rejection events were observed in protocol and for‐cause biopsies over 24 months posttransplant. Time to first TCMR of Banff grade 1A or higher (Figure [7](#ajt15225-fig-0007){ref-type="fig"}) was shortest, corresponding to the highest risk of rejection, in the LOW + OAHT treatment group, relative to the STD + OAHT treatment group, with a hazard ratio (90% CI) for TCMR of 2.48 (1.13‐5.43; *P* = .023). Likewise, the hazard ratio (90% CI) for the LOW + OAHT vs the LOW + ACEi/ARB group was 2.69 (1.22‐5.92; *P* = .014).

![Time to first TCMR of Banff grade 1A or higher (Kaplan‐Meier estimation). Data derive from protocol and for‐cause biopsies, with protocol biopsies mandated at months 6 and 24](AJT-19-1730-g007){#ajt15225-fig-0007}

For TCMR including borderline changes (TCMR/B), the results were qualitatively similar, with median event‐free survival of 9 months in the LOW + OAHT group vs 25 months for the LOW + ACEi/ARB group. Median time to TCMR/B could not be estimated for the STD intervention groups (data not shown). At both month 6 and month 24, prevalence of TCMR/B was greater in the LOW + OAHT treatment group, relative to any of the other treatment groups; some, but not all, of these comparisons reached statistical significance (Figure [8](#ajt15225-fig-0008){ref-type="fig"}).

![Prevalence of TCMR/B at months 6 and 24. Statistical significance was tested relative to the LOW + OAHT group and the STD + ACEi/ARB group. No test was performed comparing LOW + ACEi/ARB with STD + OAHT. ACEi, angiotensin‐converting enzyme inhibitor; AHT, antihypertensive treatment; ARB, angiotensin II receptor 1 blocker; LOW, low dose; OAHT, other antihypertensive treatment; STD, standard dose; TCMR/B, T cell--mediated rejection including borderline changes](AJT-19-1730-g008){#ajt15225-fig-0008}

De novo DSA formation was identified in a small number of patients in all treatment groups at months 6 and 24 (Table [2](#ajt15225-tbl-0002){ref-type="table"}). In addition, AMR occurred in 6 of 279 patients (2.5%). Antibody‐mediated rejection events were observed only after month 6 and were reported for all 4 treatment groups (data not shown).

###### 

Prevalence of the development of de novo donor‐specific antibodies across treatment groups

                                 LOW Tac + ACEi/ARB   LOW Tac + OAHT   STD Tac + ACEi/ARB   STD Tac + OAHT
  ------------------------------ -------------------- ---------------- -------------------- ----------------
  DSA developed by month 6, n    2 (3.0%)             1 (1.5%)         1 (1.5%)             1 (1.6%)
  DSA developed by month 24, n   4 (5.9%)             6 (8.8%)         3 (4.5%)             2 (3.1%)

ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor 1 blocker; DSA, donor‐specific antibody; FAS, full analysis set; LOW, low dose; OAHT, other antihypertensive treatment; STD, standard dose; Tac, prolonged‐release tacrolimus.

Percentages are based on the number of patients in each group with recorded DSA status.

John Wiley & Sons, Ltd

3.6. Polyomavirus activation {#ajt15225-sec-0016}
----------------------------

Polyomavirus viremia was detected in all treatment groups from month 3 through month 12. By month 6, the prevalence of viremia was significantly reduced in the LOW vs STD intervention group (6.4% vs 16.3%; *P* = .028), whereas use of an ACEi/ARB had no effect on prevalence of viremia. After month 6, viremia remained detectable in 4.8%‐9.1% of patients across treatment groups. Viral load decreased over time, with 27 (93%) of 29 viremic patients at month 3, but only 7 (50%) of 14 at month 12, carrying \>2000 copies/mL of the viral genome (data not shown).

3.7. Clinical outcomes and patient safety {#ajt15225-sec-0017}
-----------------------------------------

Renal function, as assessed by eGFR using the Chronic Kidney Disease Epidemiology Collaboration formula, was stable over time from month 1 to month 24 in all treatment groups (Figure [9](#ajt15225-fig-0009){ref-type="fig"}). Mean diastolic and systolic blood pressures were likewise stable from month 1 to 24 and did not differ across treatment groups (Figure [10](#ajt15225-fig-0010){ref-type="fig"}). Treatment‐emergent adverse events (TEAEs) were observed in nearly all patients in all treatment groups, consistent with expectations for an RTR patient population and the medications mandated in this trial. Serious TEAEs occurred in 64% of patients (Table [3](#ajt15225-tbl-0003){ref-type="table"}). TEAEs with a prevalence of ≥10% during the study are presented in Table [S9](#ajt15225-sup-0001){ref-type="supplementary-material"}. Over the 24 months, there were 11 instances of graft loss and 3 deaths (embolic stroke, infective endocarditis, and unknown cause). Overall, 90% of patients randomized to ACEi/ARB remained on this treatment for the duration of the study.

![Renal function by estimated glomerular filtration rate (eGFR; Chronic Kidney Disease Epidemiology Collaboration) over time by treatment group](AJT-19-1730-g009){#ajt15225-fig-0009}

![Mean systolic blood pressure (A) and diastolic blood pressure (B) over time by treatment group. ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor 1 blocker; LOW, low dose; OAHT, other antihypertensive treatment; STD, standard dose](AJT-19-1730-g010){#ajt15225-fig-0010}

###### 

Overview of safety data over 24 months

                     LOW Tac + ACEi/ARB   LOW Tac + OAHT   STD Tac + ACEi/ARB   STD Tac + OAHT                                         
  ------------------ -------------------- ---------------- -------------------- ---------------- ------------ ----------- ------------ ------------
  TEAEs, n           70                   2113             68                   2435             71           2407        69           2162
  Serious TEAEs, n   42 (59.4%)           108 (5.1%)       48 (70.6%)           148 (6.1%)       46 (64.8%)   161 (6.7)   42 (60.9%)   117 (5.4%)
  Graft loss, n      2 (2.9%)             ---              4 (5.9%)             ---              3 (4.2%)     ---         2 (2.9%)     ---
  Death, n           0 (0.0%)             ---              2 (2.9%)             ---              0 (0.0%)     ---         1 (1.4%)     ---

ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor 1 blocker; FAS, full analysis set; LOW, low dose; OAHT, other antihypertensive treatment; STD, standard dose; Tac, prolonged‐release tacrolimus; TEAE, treatment‐emergent adverse event.

John Wiley & Sons, Ltd

4. DISCUSSION {#ajt15225-sec-0018}
=============

The prevalence of IF/TA ≥2 in FKC‐014 was similar for the LOW and STD tacrolimus intervention groups at month 6 and for the ACEi/ARB and OAHT intervention groups at month 24, findings that represent the 2 coprimary objectives of this study. Of particular interest, however, was the observation that ACEi/ARB use reduced IF/TA progression in the context of reduced exposure to prolonged‐release tacrolimus and that the IF/TA grade was lower in this group compared with all others. RAS blockade also abrogated the heightened rejection risk otherwise observed with LOW tacrolimus. These findings suggest a potentially important interaction between the 2 interventions tested in this study.

IF/TA observed during the first year after transplant has been associated with late graft loss or other adverse outcomes,[38](#ajt15225-bib-0038){ref-type="ref"}, [39](#ajt15225-bib-0039){ref-type="ref"} particularly when other markers of allograft injury are evident as well.[26](#ajt15225-bib-0026){ref-type="ref"}, [40](#ajt15225-bib-0040){ref-type="ref"} Recently, several studies have highlighted the prognostic significance of an inflammatory infiltrate, either alone (Banff i score)[18](#ajt15225-bib-0018){ref-type="ref"}, [41](#ajt15225-bib-0041){ref-type="ref"} or in the context of fibrosis (IF/TA+i)[17](#ajt15225-bib-0017){ref-type="ref"}, [20](#ajt15225-bib-0020){ref-type="ref"}, [39](#ajt15225-bib-0039){ref-type="ref"} as a potentially more powerful prognostic factor. In the current study, IF/TA progression from baseline, IF/TA+I, and tubulointerstitial inflammation and peritubular capillaritis at 24 months were reduced in the low ACEi/ARB intervention group, suggesting that the addition of an ACEi/ARB exerts an anti‐inflammatory and antifibrotic effect independent of conventional immunosuppression.

IF/TA represents a common endpoint of several chronic pathologic processes, including TCMR, AMR, and polyomavirus activation,[9](#ajt15225-bib-0009){ref-type="ref"}, [13](#ajt15225-bib-0013){ref-type="ref"}, [42](#ajt15225-bib-0042){ref-type="ref"} as well as normal renal aging[43](#ajt15225-bib-0043){ref-type="ref"}; CNI toxicity may also contribute to the development of IF/TA according to some authors,[10](#ajt15225-bib-0010){ref-type="ref"}, [44](#ajt15225-bib-0044){ref-type="ref"} although this is not universally accepted.[12](#ajt15225-bib-0012){ref-type="ref"}, [45](#ajt15225-bib-0045){ref-type="ref"} In the current study, no significant association emerged between IF/TA and tacrolimus dosing up to month 6, although progression of bland IF/TA was significantly greater with STD vs the LOW tacrolimus. The progression of IF/TA in the STD group from month 6 to 24 may be explained in part by the higher prevalence of polyomavirus activation,[9](#ajt15225-bib-0009){ref-type="ref"}, [46](#ajt15225-bib-0046){ref-type="ref"} which was significantly more common in STD than in LOW patients at month 6.

Optimizing CNI dosing has been proposed to delay onset of subclinical and clinical rejection and ultimately to improve graft and patient survival. Historically, at a time when immunosuppressant dosing was typically higher than in the current era, lowering tacrolimus exposure significantly reduced the prevalence of polyomavirus‐associated nephropathy and IF/TA, while preserving allograft function more completely than higher‐dose tacrolimus.[6](#ajt15225-bib-0006){ref-type="ref"} Conversely, negative effects of relaxing immunosuppression by reduction or elimination of CNIs include the increased risk of rejection, even in patients deemed low risk.[14](#ajt15225-bib-0014){ref-type="ref"}, [47](#ajt15225-bib-0047){ref-type="ref"}, [48](#ajt15225-bib-0048){ref-type="ref"}, [49](#ajt15225-bib-0049){ref-type="ref"}

Despite these concerns, clinical evidence suggests that CNI‐sparing regimens can be used with acceptable results. In SYMPHONY, patients receiving a low‐dose tacrolimus regimen maintained better allograft function and survival, relative to patients on other immunosuppressive treatments, such as standard‐dose cyclosporine.[7](#ajt15225-bib-0007){ref-type="ref"}, [8](#ajt15225-bib-0008){ref-type="ref"} Unfortunately, SYMPHONY lacked a comparator dose for tacrolimus, and patients' actual tacrolimus exposure was higher than intended.[50](#ajt15225-bib-0050){ref-type="ref"} Indeed, these limitations provided part of the impetus for conducting the current study and for treating with prolonged‐release tacrolimus formulation,[36](#ajt15225-bib-0036){ref-type="ref"} which is associated with more precise control of drug exposure, relative to immediate‐release tacrolimus.[50](#ajt15225-bib-0050){ref-type="ref"}

In the current study, LOW tacrolimus dosing, combined with ACEi/ARB use, reduced progression of IF/TA from baseline compared with either of these interventions alone. Another striking interaction was seen in the risk of TCMR over the course of 24 months, which was \>2‐fold higher in the LOW vs STD intervention groups, reinforcing the notion that reduced tacrolimus exposure may not be without immunological risk. Combining LOW tacrolimus exposure with ACEi/ARB use attenuated development of TCMR and TCMR/B, again suggesting a beneficial effect of RAS blockade in this setting.

The apparent impact of RAS‐blocking AHTs on rejection in the context of suboptimal immunosuppression is consistent with a large body of evidence that the RAS acts in multiple cell types that drive inflammation and immune responses in various organs and allografts. These include T cells, macrophages, and dendritic cells, all of which express RAS components and respond to RAS stimulation or inhibition.[51](#ajt15225-bib-0051){ref-type="ref"}, [52](#ajt15225-bib-0052){ref-type="ref"}, [53](#ajt15225-bib-0053){ref-type="ref"}, [54](#ajt15225-bib-0054){ref-type="ref"} Moreover, in animal models as well as in humans, ACEi/ARB treatment reduces expression of proinflammatory and profibrotic mediators, such as monocyte chemoattractant protein‐1, tumor necrosis factor α, transforming growth factor β, and interferon γ.[25](#ajt15225-bib-0025){ref-type="ref"}, [55](#ajt15225-bib-0055){ref-type="ref"}, [56](#ajt15225-bib-0056){ref-type="ref"}, [57](#ajt15225-bib-0057){ref-type="ref"}, [58](#ajt15225-bib-0058){ref-type="ref"} Finally, allograft‐specific T cells may be directly inhibited by RAS blockade.

This final possibility was suggested first by Nataraj et al,[59](#ajt15225-bib-0059){ref-type="ref"} who showed that autocrine signaling through the angiotensin II receptor ATIIR~1~ activated the phosphatase calcineurin in murine T cells, leading to transactivation of genes related to T cell proliferation and activation. Conversely, blockade of ATIIR~1~ mimicked the effect of CNIs, leading to the suppression of T cell responses.[59](#ajt15225-bib-0059){ref-type="ref"} It is tempting to speculate that a convergence of inhibitory signals on calcineurin via tacrolimus/FK‐binding protein and ATII/cyclophilin blockade via ACEi/ARB occurred in the present study, potentially accounting for the decreased incidence of rejection and of IF/TA+i observed in the LOW + ACEi/ARB, compared with the LOW + OAHT treatment group.

This study has several notable strengths and limitations. Strengths include the fact that the 2 interventions were carried out per protocol, such that the CIs for tacrolimus trough concentrations in the LOW vs STD groups separated and, after the first 2 weeks posttransplant, remained within the designated target ranges. This contrasts with other studies, such as SYMPHONY, where trough values of tacrolimus and other study drugs showed substantial variance and were commonly outside the target range.[50](#ajt15225-bib-0050){ref-type="ref"} ACEi/ARB use was likewise largely per protocol.

Limitations include the fact that histopathologic comparisons were statistically underpowered, due to a higher‐than‐expected number of allograft biopsies being unavailable or inadequate. However, the coprimary endpoints of this study (IF/TA comparisons at month 6 and at month 24) are unlikely to have been substantially affected by this loss of statistical power, given the relative differences between groups. Another limitation is the nonuniform distribution of risk‐associated baseline characteristics across treatment groups, including DGF and use of ECD organs. In addition, the current analysis was restricted to surrogate markers; clinical outcomes such as allograft and patient survival will be reported upon study completion at Year 5. A meaningful analysis of de novo DSA formation was precluded by the low number of patients that developed DSA by 24 months posttransplant.

It is unclear whether the interaction observed in this trial between tacrolimus dose and RAS‐blocking AHTs can be generalized to other RTR patient populations or other immunosuppressive protocols. However, it is reassuring to compare the present findings with those in a recent European study examining the effects of CNI dose‐minimization.[48](#ajt15225-bib-0048){ref-type="ref"} As in the current study, Gatault and coworkers used basiliximab (Simulect^®^, Novartis Pharmaceuticals Canada Inc., Dorval, QC, Canada) induction and prolonged‐release tacrolimus for maintenance immunosuppression. In contrast to the current study, these authors aimed for steroid‐free maintenance for most of their RTRs. Because AHT use was not reported in their study, findings can only be compared with FKC‐014 data in the OAHT intervention group. With this restriction, some striking parallels emerge between the 2 studies, particularly related to the elevated risk of rejection and higher rates of IF/TA+i in patients receiving lower‐dose tacrolimus.[48](#ajt15225-bib-0048){ref-type="ref"} Increased risk of rejection has also been reported in patients using immediate‐release tacrolimus whose tacrolimus exposure over 6 months was similar to that of the LOW group in the present study.[60](#ajt15225-bib-0060){ref-type="ref"}

5. CONCLUSIONS {#ajt15225-sec-0019}
==============

Whereas prevalence of IF/TA was not significantly affected by tacrolimus dose at month 6 or by use of RAS‐blocking AHTs at month 24, IF/TA and histologic markers of rejection (TCMR/B) or inflammation (IF/TA+i) showed strong evidence of interaction between these 2 interventions. Among patients treated with LOW tacrolimus, IF/TA+i, rejection, and progression of IF/TA, were substantially suppressed among patients using RAS‐blocking AHTs. As clinical outcomes emerge at the end of this 5‐year study, it will be of great interest to learn whether these early results are correlated with long‐term patient and allograft outcomes. These findings may inform the design of future studies and help optimize the monitoring and immunosuppressive treatment of RTRs.
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